SUMMARY The false positive and false negative computed tomography diagnoses of meningioma made using EMI 1010 and 5005 machines on a consecutive series of patients seen over a period of four years are described. About 1 -2 % of intracranial meningiomas were not detected on initial CT scan, 6-6% were misdiagnosed including 5-2% which were thought to be malignant lesions; in 9 4% of the cases identified as meningioma another diagnosis was subsequently established of which 6-3 % were malignant.
CT scanning shows an abnormality in patients with an intracranial tumour at the time of clinical presentation in a large majority of cases and earlier than any other radiological procedure.' This has modified the spectrum of preoperative investigation so that CT scanning has virtually replaced the combination of plain X-rays, pneumography, angiography and isotope scanning that was previously necessary for diagnosis. A previous study2 has shown that the diagnosis of meningioma may be made on a precontrast scan in a high percentage of cases and this figure was further increased after postcontrast scanning. The experience gained from this study has been applied to routine examinations of scans and although complete reliance on CT has contributed to misdiagnosis in a few cases, the trend towards diminished use of other diagnostic methods for confirmation of the nature of the lesions has continued. We considered that analysis of the accuracy of CT in the diagnosis of intracranial meningiomas during this period would be of interest together with a critical appraisal of diagnostic errors.
Methods
The clinical and pathological record of all patients in the National Hospital for Nervous Diseases with a diagnosis of intracranial meningioma (excluding optic nerve sheath meningioma) during the period of 1975 to 1978 were reviewed. All cranial CT scans in which a diagnosis of meningioma had been suggested during this period were also reviewed and data were correlated giving four groups:
(1) CT group.bmj.com on April 15, 2017 -Published by http://jnnp.bmj.com/ Downloaded from (76%). All of the studies showed an obvious abnormality but in only nine cases was the angiogram diagnostic. In four cases it was noncontributory and in the remaining 12 it was misleading (table 4) .
The initial CT misdiagnosis was corrected by other studies in 16 (48'5%) of cases. In the remaining 17 patients (51-5%) final pathology was only established by histological examination (table 3) .
The scan findings in those meningiomas mistaken for other lesions and in the thirty-three cases which were mistaken for meningiomas are shown in table 5. In the malignant tumours in P Pullicino, B E Kendall, and J Jakubowski the latter group, moderate or marked oedema and especially oedema of the white matter occurred in 40% compared with about 10% in meningiomas in general; in those meningiomas mistakenly called gliomas or metastases on CT the incidence of moderate or marked oedema was only slightly higher (15%). The incidence of mass effect and the pattern of enhancement was similar in both groups. In three cases a cystic meningioma was diagnosed as a glioma but cystic change was also present in histologically proven gliomas diagnosed as meningiomas. Two of the four arteriovenous malformations mistaken for meningiomas were thrombosed. Three of the arteriovenous malformations were partly calcified lesions and only one of the two given contrast medium showed enhancement. Table 6 shows the distribution of the meningiomas in this series together with the site of incorrectly diagnosed lesions. In general agreement with other series3 sphenoid ridge or wing meningiomas are most common, followed by frontal and parietal convexity tumours. The proportion of incorrect diagnoses is similar in all regions except for the posterior fossa, where there is a much higher incidence of both false positive and negative misdiagnosis, and the spenoidal ridge where, largely because of the high incidence of bone sclerosis misdiagnosis is less frequent.
Discussion
The detection rate of almost 99% confirms that CT is the most accurate screening test for meningioma. The undetected tumours were one en plaque cerebellar convexity tumour diagnosed by skull X-ray; one suprasellar tumour diagnosed only at surgery, causing compression of an optic nerve; one parasellar lesion shown by air encephalogram and follow-up CT; one parasagittalfalx meningioma, diagnosed by follow-up CT.
The last three tumours were not shown even in retrospect on the initial CT. In one case, the parasagittal tumour, contrast medium was not given for the first study.
The typical sites of meningiomas and well demarcated edges suggesting their extracerebral origin, especially when combined with their characteristic attenuation higher than that of the adjacent brain sometimes with psammomatous calcification and usually with homogeneous enhancement and little adjacent cerebral oedema in the white matter suggest the diagnosis, which may be confirmed by observing hyperostosis (16%) at the site of attachment to bone. Less frequently the bone is shown to be destroyed from the inner table (3%) and this also suggests the diagnosis in tumours adjacent to the vault. The meningiomas which were misdiagnosed as glioma were either intraventricular (one) (fig 1) , irregularly lobulated cavitating masses (four) (fig 2) relatively small in relation to extensive white matter oedema (two) or the extracerebral attachment was not appreciated (six) (fig 3) . Throughout the study it was realised that such atypical CT features could occur with meningiomas and led to four of them being diagnosed merely as peripheral intracranial tumour with the implication that further study was necessary to determine their type. Some of the difficulties (fig 4) . Our analysis shows that the incidence of moderate or marked intracerebral oedema (fig 5) is greater in these tumours and in some cases the tumour margin was rather ill defined (fig 6) , which is uncommon with meningiomas. Two microgliomas were included in the group; they exactly simulated meningiomas and had little surounding oedema. These tumours usually occur deep in the cerebral substance close to the central structures.
One primary cerebral lymphoreticular tumour was also included. It involved the temporal and inferior frontal lobes with bilateral white matter oedema. In retrospect the septum pellicidum is obviously thickened (fig 7) . Misdiagnosis is more significant when a benign pathology is mistaken for a glioma than vice versa. Hence there is a tendency to suggest more strongly the possibility since such a suggestion will invariably lead to biopsy and often to angiographic examination.
The difficulty with differential diagnosis of cerebello-pontine angle masses and with perisellar lesions is well known. Plain X-rays show bone changes related to the attachment of the meningioma, prominent vascular grooves leading to this region or calcification within the tumour in some 30-50% of cases7 and it has been claimed that a specific diagnosis of meningioma is possible by angiography in over 70% of cases.8 9 However, in our unusual cases in which CT diagnosis was difficult the plain X-rays were diagnostic in only 12-5% and, though angiography revealed a mass in all except one case, it was diagnostic of meningioma in only 45% and in 18% the angiographic report suggested a malignant tumour. Similarly, in the cases misdiagnosed as meningioma on CT scan the angiogram was considered to support this diagnosis in almost 50%. Only eight (24%) of lesions misdiagnosed as meningioma, and three ( 1 %) of the meningiomas undetected or misdiagnosed on CT had no other studies than CT and plain X-rays, the remainder having angiography, isotope scan or pneumoencephalography.
It may be considered unsatisfactory that, despite being aware of the difficulties of CT diagnosis, there was still a false negative rate of 7-8% and a false positive rate of 95%, but CT is the most accurate method for detection and specific diagnosis of meningioma. Other radiological methods are also particularly accurate in the diagnosis of this tumour, but are less valuable in the difficult cases which have not been diagnosed by computed tomography.
Despite computed tomography and other radiological procedures an incorrect diagnosis was rectified only by biopsy in 3-2 % of meningiomas and 4-8% of the lesions diagnosed as meningiomas were shown on histology to be other conditions, mainly malignant tumours.
